debugger logic presentation 
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- ESFR registers 

- BPSTA: Break Point Status register address: hBD 



ignal bpsta_sb_reg_l 
ignal bpstajb_reg_l 

ignal debugger_active 

ignal ^p;sta — resume 

Lgnal £§y_unprotect_l 
ignal pC£_update_l 



stdJLogic; BPSTA reg SB (stack trap) 

std_logic_vector (4 downto 1); — BPSTA reg B4-B1 

std_logic; — break point condition occur, in debugger mode and it 

— should temporarily disable all break point function 
boolean; -- when write 80h to BPSTA, write-protect ESFRCBE-CF] 

std_logic; 
std_logic; 



enable write to ESFR[BE-CF] 
— enable the PCH/PCL update 



- Breakpoint registers, (LB, HB, BANK) 1-4 



ignal b^Xl 
Lgnal bis! 2 
Lgnal bpj.3 
Lgnal bp!4 

Lgnal l|pjil 

Lgnal t^?h2 

Lgnal biji3 

Lgnal ip?'|i4 

Lgnal i|g|cl_ben 
Lgnal ^k&2Jben 
Lgnal ik-k3_ben 
ignal bS|:4_ben 

.gnal bnkl_b 
.gnal bnk2Jb 
.gnal bnk3_b 
.gnal bnk4_b 

.gnal bpl_adr 
.gnal bp2_adr 
.gnal bp3_adr 
.gnal bp4_adr 



std_logic_vector (7 downto 0) 

std_logic_vector{7 downto 0) 

std_logic_vector (7 downto 0) 

std_ logic_vector (7 downto 0) 

std_logic_vector (7 downto 0) 

std_logic_vector (7 downto 0) 

std_logic_vector (7 downto 0) 

std_logic_vector (7 downto 0) 



std_logic; 
std_logic; 
std_logic; 
std_logic; 

std_logic_ vector (3 downto 0} ; 
std_logic_vector (3 downto 0} ; 
std„logic_vector (3 downto 0); 
std_logic_vector (3 downto 0); 

std_logic__vector (15 downto 0); 

std_logic__vector (15 downto 0); 

std_logic_vector (15 downto 0); 

std_logic_vector (15 downto 0) ; 



■ Break point reg-i (LB) 
• Break point reg-2 (LB) 

■ Break point reg-3 (LB) 

■ Break point reg-4 (LB) 

Break point reg-1 (HB) 

Break point reg-2 (HB) 

Break point reg-3 (HB) 

Break point reg-4 (HB) 

Break point bank reg-1 (BEN) 

Break point bank reg-2 (BEN) 

Break point bank reg-3 (BEN) 

Break point bank reg-4 (BEN) 

Break point bank reg-1 (B[3:0]) 

Break point bank reg-2 (B[3:0]> 

Break point bank reg-3 (B[3:0]) 

Break point bank reg-4 (B[3:0J) 

Break point 1 address 
Break point 2 address 
Break point 3 address 
Break point 4 address 



Jump to Monitor address LB, HB, stack break point register adr: CA, CB, CE 



gnal jtml_l : std_iogic_vector (7 downto 0) 

gnal jtmh_l : std_logic_vector (7 downto 0) 

gnal sbk_l : std_logic_vector < 7 downto 0) 



Break point control register adr: CF 

bpcrl_be_reg_l -> BE4 , BE3 , BE2, BE1 address break point enable 
bpcrl_s_reg_l -> Stack trap condition 
bpcrl_bpe_reg_l -> global debugger enable 



gnal bpcrl_bpe_reg_l : std_logic; 

gnal bpcrl_s_reg_l : std_logic_vector { 1 downto 0) ; 

gnal bpcrl_be_reg_l : std_logic_vector ( 4 downto 1); — for BE4 , BE3, BE2 , BE1 



PC copy register (LB, HB) 



adr: F9 



FA 



gnal pcl_l 
gnal pch_l 



std_logic_vector (7 downto OK 
std_logic_vector (7 downto 0) , 




debugger circuitry signals for stack trap and address break point trap 
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signal 
signal 
signal 
signal 
signal 
signal 



stack„.trap„l 

stac)c_crap_di 

3tack_trap_d2 

st&ck__trap_d3 

stack_trap_d4 

stacks trap_d5 



std.logic; 
std_logic; 
std_logic,- 
std_logic; 
std_logic; 
Std^logic; 



signal stack_trap_ jump_l : std_logic- 

signal bpl_trap_l : std_logic; 

signal bp2 M trap_l : std^logic; 

signal bp3_trap_l : std_logic; 

signal bp4_trap - l : std_logic; 

signal bpl_trap_active : std_logic; 

signal bp2_trap_active : stcLlogic; 

signal bp3_trap_active i sttd_J.ogic; 

signal bp4_trap_active : stdLlogic; 



detect stack trap when global debugger is enabled 
latched stack trap 



bpl_trap_l and inot bpl_trap_toggle_l) 



-- When first detect address break point condition, bpx_toggle_l is 0. After return from 

Monitor program, the return address xcatch break point address and bpx_eoggle_l is 1, so 
-- it won't trigger address break point condition to avoid this infinitive loop. 



signal bpl_toggle_l 
signal bp2_toggle_l 
s ignal^bp3_toggle_l 
signafahp4 - toggle_l 

s i gnaf ;j ump_r eady 

siS^al jump_l 
si gnasL-f • j ump_adr_sel 

s i gna : l| j ump_proga_en 
s i gnajljc 1 ear_ j unp_l 



Std_logic; 
atd^logic,- 
stdLlogic; 
stcLlogic; 

std^logic? — ready to jump to monitor program 
! std^logic; 

std_logic_vector (1 downto 0); select 02H, jtmh..-, jtml„,l 



std^logic; 
boolean ; 



jurnp_proga_en <= prog^^iux^control^l and Proga_en_i 



9igna& iiprog^iriux^control.li stcLlogic ; 

m 



— prog_rnux_control_l 
prog_mix_control_l 



1, select jump address 
0, normal operation 



-- external SFR register block 



-- BPgpjjA: Break Point Status Register address hBD 

-- B4||jB3, B2* SI -> break point address X trigger break condition 
-- SB^> Stack Trap trigger break condition 

-- When break condition occur, it will sec one of B4, B3, B2, Bl, SB. 

when write hBO to this register it will clear reg. to 0, write-protect ESFR[BE-CFJ 
-- When write h55 to this register it will unprotect ESFRtBE-CF). 

bpsta_resume <= (bpstajwe_l = '1' and DBstin_do_i {7 downto 0) = ■ 10000000 " ) ; -- write SOh to BP ST A 

bpsta_reg: process (Clk_i, ReBetz.exclude^uSS i) 
begin 

if (Reseci_excludeJtfSB_i = '0') then asynchronous reset 
bp s ta Jb_reg_l <= "0000"; 
bpsta_sb_reg_l <= '0'; 

elsif {Clk_i = '1' and Cllc^i' event) then 

if (bpsta_resume) then synchronous reset 

bpstaj»_reg_l <= *0000" ; 

bps ta_sb__reg_l <» * 0 ' ; 
else 

if lbpl_trap_active = 'l'J then 

bps ta_b_reg_l ( 1 J <= ' 1 ' ; 
end if? 

if (bp2_crap_active = '1') then 

bpstajb_reg_l (2 ) <= ' 1 ' ; 
end its 

if (bp3_trap_active = 'I') then 

bpstaJo_reg_l(3) <= '1'; 
end if : 

if (bp4_crap_acciva a '1') then 

bpsta_b„reg_lU) '1'; 
end if; 

if (stack^trap^Jump.l = '1') then 

bpsta_ab__reg_l <s * 
end if; * 

end if; 

end if; 4 



. debugger_active -> break point condition oifeiirs, it should temporarily~dUsable^bre^^^ 
trigger function. 

bugger.active <= bpstajb_reg_l (1 J or bpsta_b_reg_l (2) or bpstajb_reg_l (3 ) or bpsta b reo 1(4) or 
bpsta_sb_reg__l; 



3/s 



reg_unprotectJL = 0 -> ESFR[BE-CF] are write protected. 
reg__unprotect_l =• 1 -> ESFR[BE-CF] are unprotected. 

When j\mp to Monitor, automatically unprotect. 

otect_reg: process {Clk_i, Resetz_exclude USB_i) 
gin ~" 

if (Resetz_exclude__USB_i = '0') then 

reg_unprotect_l <= '0'; reset to write-protected after power on 

elsif (ClkJL = 'l' and Clk_i' event) then 

if ( (bpsta_we_l = '1' and Destin_do_i (7 downto 0) = "OIOIOIOI") or write 55H 
<prog_mux_control_l = '1') Jump to Monitor 
) then 

reg^unprotect..! <= write unprotected when write 55H 

elsif (bpsta_resume) then 

reg_unprotect_l '0'; write-protected when write 80H 

end if; 
end if; 
.d process protect_reg; 

WritSihSO to BPSTA: Break Point Status register to enable 
PCL/23H update. 

Wheni^uinp is ready, it disable PCL/PCH update. 

:_upda^f_reg: process (Clk_i, Resetz_exclude_USB_i) 
;gin y a 

if (f$|setz_exclude_JJSB_i = '0'} then 
P<Cupdate_l <- '0*; 

%1 

elsif (Clk_i = '1' and Clk_i' event) then 
i,E (bpsta_resume) then 

pc__update_l <= '1'; — Write 80H to BPSTA enable PCH/PCL update 
ep^if (jump_ready = '1' ) then — break point address is stored in PCL/PCH 

ISl pc_update_l <= '0'; -- disable the update when reach breakpoint 
eng if; 
end jtfct; 

rd proflss pc_update_reg; 

- Break point register-1 (LB) address - hex BE 



>ll_reg: process (Clk_i, Resetz_exclude_USB_i ) 
jgin 

if { Reset z_exclude_USB_i = '0') then 

bpll <= "OOOOOOOO"; power-up default value 

elsif (Clk_i = 'l' and Clk_i' event) then 

if ( (bpl_we_l (1) = '1') and (reg_unprotect_l = '1')) then 

bpll <= Destin_do_i (7 downto 0); 
end if; 
end if; 

id process bpll_reg; 



- Break point register-1 <HB) address - hex BF 



Dhl_reg: process (Clk_i, Resetz_exclude_USB_i ) 
sgin 

if (Resetz_exclude_USB_i = '0') then 

bphl <= "00000000*; power-up default value 

elsxf (Clk_i = '1' and Clk_i'event) then 

if ( (bph_we_l (1) = '1') and (reg_unprotect_l = 'I')) then 

bphl <= Destin_do_i{7 downto 0); 
end if; 
end if; 

id process bphl_reg; 



- Break point bank register-1 address - hex CO 



ikl_reg: process (Clk_i, Reset z_exclude USB i) 
sgin ~ " 

if (Resetz_exclude_USB_i = '0') then 

bnkl_b <= -0000"; — power-up default value 
bnkl_ben <= ' 0 ' ; 
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elsif (Clk_> - '1' and Clk_i ' event) then 

if ( (bnk_we_l (1) = '1') and lreg_unprotect_l = '1')) Chen 

bnkl_b <= Destin w do_i {3 downto 0} 7 break point address - bank value 
bnkl_ben <= Destin_do_i (7) ; bank value comparison enable 
end if; 
end i£; 
end process bnkl_reg; 



Break point register -2 (LB) address - hex CI 



bpl2_reg: process (Clk_i, Resetz_exclude_USB_i) 
begin 

if (Resetz_exclude_USB_i * '0') Chen 

bp!2 <- "00000000"; power-up default value 
elsif (ClK_i a 'i' and Clk^i 'event) then 

if ( (bpl_we_H2) s 'l') and (reg_unprotect_l = '1'}) then 

bpl2 <s Destin_do_i {7 downto 0) 
end if; 
end if; 
end process bpl2_reg; 



Break point register-2 (HBJ address - hex c2 



bph2jj|)g: process (Clk_i, ReseC2„exclude„USB_i } 

beginTi 

if t*esetz_exclude_USB_i = '0') then 

^fi$i2 <= * 00 000000*; — power-up default value 
el||! (Clk^i » and CJXJL' event) then 

if 3 ( (bph_weJL(2) - '1M and (reg_unprotect__l = '1')) then 
'^bph2 Destin_do_i {7 downto 0); 

tffd if; 

end process bph2__reg; 



-- BrMak point bank register-2 address - hex C3 

-- — fff m .-•»- - 

bnk2jreg: process {ClK_i, Reset z.exclude^USB.i) 

begiikl 

if U&esetz.excludejJSS.i ■ '0') then 

to^2_ b -OOOO"; power-up default value 

b*&2_ben <= ' 0 ' 
el£ S (Clk„i * 'l' and Clk_i'event) then 

if ( tbnk.we.K2j = '1') and (reg^unprotect.l = '1')) then 

bnk2_b <= Destin_do_i (3 downto 0); break point address - bank value 
bnk2_ben <= Destin_do_i (7) r -- bank value comparison enable 
end if; 
end if; 
end process bnk2_reg; 



Break point register-3 (LB) address - hex C4 



bpl3„rea: process {Clk^i, Resetz_exclude_USB i] 
begin 

if (Kesetz_exclude w USB_i - '0') then 

bp!3 <= H 00000000"; — power-up default value 
elsif <Clk_i o 'i' and C1JO-' event) then 

if ( (bpl_wa_l(3) = 'i') and freg_unproteet_l = '1')) then 

bpl3 <= Destin_do_i (7 downto 0); 
end if; 
end if; 
end process bpl3„reg; 



~ Break point register-3 (KB) address - hex C5 



bph3_reg: process (Clk_i, Reset z_exclude_U5B i) 
begin " 

if (ReBetz_axclude„U$S_i ■ '0') then 

bph3 <= ■00000000"; ™ power-up default value 

elsif (clk^i ss '1' and Clk_i'event) then 

if ( (bph_we_l (3) = '1') and (reg_unprotect_l = '1')) then 

bph3 <= DeBtia_do_i(7 downto 0); 
end if; 

end if; < 
end process bph3_reg; 



Break point bank register-3 address - hex C6 



bnk3_reg: process (Clk_i, Resetz_exclude_USB_lf- 
begin 

if ( Reset z^exclude^USB^i = '0') then 

bnk3Jb- <= "0000"; power-up default value 

- bnk3_ben <=* ' 0 ' ; 

elsif (Clk_i a '1' and Clk_i' event) then 

if ( (bnk__we_l (3) = '1') and (reg_unprotect_l = '1')} then 

bnk3Jb <= Destin_do_i ( 3 downto 0); — break point address - bank value 
bnk3_ben <= Destin_do_i (7) ; — bank value conparison enable 
end. if; 
end if; 
end process bnk3_reg; 



Break point register-4 (LB) address - hex C7 



bp!4_reg: process {Clk_i, Resetz_exclude_aSB_i) 
begin 

if { Reset z_exclude_USB_i * '0') then 

bp!4 <= "00000000"; — power-up default value 
elsif (Clk_i a '1' and Clk.i'event) then 

if ( (bpl_we_l (4) * '1') and {reg_unprotect_l - '1')) then 

bpl4 <= Destin_do_i (7 downto 0) ; 
end if; 
end if; 
end process bp!4_reg; 



Br<=ppc point register-4 (HB) address - hex C8 

\1 

bph4_d|g: process (Clk_i, Resetz_exclude_USB_i) 
begin U I 

if preset z_excludeJJSB_i = '0') then 

bp'S4 <= "00000000"; — power-up default value 
els$$ <Clk_i = '1' and Clk_i' event) then 

if ]{ (bph_we_l{4) = '1') and (reg_unprotect_l = '1')) then 

l|ph4 <= Destin_do_i(7 downto 0) ; 
end if; 
endf if ; 
end p|^©eess bph4_reg; 

— i4 

Brlgjk point bank register-4 address - hex C9 



bnk4_f§g: process (Clk_i, Resetz_exclude_USB_i) 
begin 

if E§esetz_exclude_USB_i * '0') then 

bnk4_b <= "0000"; power-up default value 

bnk4_ben <= ' 0 ' ; 
elsif (Clk_i - '1' and Clk_i' event) then 

if ( (bnk__we_l (4) = '1') and (reg_unprotect_l = '1')) then 

bnk4_b <= Destin_do__i (3 downto 0); -- break point address - bank value 
bnk4_ben Destin_do_i (7) ; bank value comparison enable 
end if; 
end if; 
end process bnk4_reg; 



Jump to Monitor adr reg (LB) address - hex CA 



jtml_regs: process (Clk_i, Resetz_exclude_USB_i) 
begin 

if (Resetz_excludeJJSB_i = '0') then 
jtml_l <= "00000000"; 

elsif (Clk_i = '1' and Clk_i' event) then 

if (jtml_we_l = '1' and reg_unprotect„l = '1') then 

jtml_l <= Destin_do_i (7 downto 0); 
end if; 
end if; 
end process jtml_regs; 



— Jump to Monitor adr reg (HB) address - hex CB 



jtmh_regs: process (Clk_i, Reset z_exclude_USB_i) 
begin 

if (Resetz_exclude_USB_i = '0') then 
jtmh_l <= "00000000"? 

elsif (Clk_i = '1' and Clk.i'event) then 

if (jtmh_we_l = '1' and rea._unprotect _1 = '1') then 
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jtrrta_i <* Destm_do_i (7 downto 01; 
end if; 
end if; 
end process jtrrih.regs; 



Stack break point register address - hex CE 



sbk_regs: process <Clk_i, Resetz_exclud©__U$B„i) 

begin , , 

if (Resetz_exclude_USB_i = '0') then 
sbk_l <= "00000000%- 

elsif (Clk^i = 'l r and Clk_i r event) Chen 

if (sbk we_l = '1' and reg_unprotect_l = '1') then 

sbkJL - <=~ Destin w do_i (7 downto 0) ; 
end if: 
end if; 
end process Bbk_rogs; 



Break point control register address - hex CF 



bpcrl_reg: process (Clk_i, Resetz_exclude_USB_i) 
begin Pi 

if ftesetz_exclude_USB_i = '0') then 
b#l;3:l_bpe. fc reg__l ' 0 ' ; 

bpcrl_s_reg_l <= " 00 " 
bptfrl_be_rsg_l <= "0000 " ; 

elsS. {Clk_i = '1' and Clk_i 1 event) then 

if S(bpcrl.we„I = '1' and reg_unprotect_l « '1') then 

: 4|»crl w bpe_reg._l Des tin_do_i ( 7 ) ; 

dt>crl„s_reg_l <= Destin_do_i { 5 downto 4 J ; 

rbpcrl!Ibe_reg_l <- Descin_do_i 13 down to 0) 

encVi if; 
endssif ; 
end process bpcrl^reg; 



PcLI&Py register (LB, HB) address - hex 79 , FA 

fU — 

pc_re|^ process (CllO.. Resetz_exclude_USB__i ) 
beg in p| 

if glesetr_exciude„USB_i = '0') then 

pEO <s (others => '0') ; 
pch_l <* (others => '0'); 

elsif (Clk_i - '1' and Clk_i' event) then 

if (pc_update_l = 'I' and Proga_en_i - ' 1* J then when not Monitor mode, update PCL 
pcl_T <= Proga_i(7 downto 0) ; 
pch_l <= Proga_i(lS downto 8); 
end if: 
end if; 
end process pc_reg; 



-- MCU Debugger togic 



When debugger is not active, global debugger enable and write to stack pointer 

— check whether break point condition is matched 

— directly use the Write_stack_ptr_i and Stack j>ointer_i from M80$l to 
-- check if. the trap condition is met or not 

staek_breakpoint: process (debugger_active, bpcrl_bpe_reg_l * Wrifce_stack_ptr - i, 

Stack j?ointer_i, sbkJo bpcrl_s_reg_l ) 

begin 

if ( ( (not debugger_active) and bpcrlj3pe_reg_l and writ e w BtacJeptr_i ) = '1' ) then 
if ( (Stack_pointer_i > sbkJL and feperl_s_reg_l = *11") or 
{Stack_pointer_i ■ sbk_l and bpcrl_B_reg_l = "01") or 
<Stack_pointer_i < sbkjL and bpcrl^s.reg^l « •10*)) then 

3tack_trap_l -co '1'; % 
else ' 

stack — trap_l ' o ' ; 
end if; 

else * 

stacks trap_l <= ' 0 ' ; 
end if; 

end process stackjbre&kpoint; 

— This logic remejribers the trap codition, and it can wait for 

— the lAgt^evg]^ of the current instruction 



:k_regs : process (Clk_i, Reset z_exclude_ US?2;'i-) '~ 
in 

f (Resetz_exclude_USB_i =* '0') then 
stack_trap_dl <* '0'; 

lsif (Clk_i = '1' and Clk_i' event) then 
if {stack_trap_J. = '1') then 
. stack_trap_dl <»'!'; 

elsif <prog_mux_control_l « '1') then when in jump to monitor mode, clear stack trap latched signals 

stacks trap_dl ' <= ' 0 ' ; 
end if; 
nd if; 
process stack_regs; 

ck_trap_d2 <= stack^trap^l or stack_trap_dl; — when stack_trap_l is set, it may be the last cycle 
trigger jump when last instruction cycle is reached, and set_stack_trap = 1 

ick_trap__ d3 <= Last_cyc_i and State_0_i and (not Internal_wait_i) and stack_trap_ d2; 

>cess (Clk_i, Resetz_exclude_USB„i ) 
jin 

if (Resetz_exclude_USB_i = '0') then 

stack_trap_d4 <- '0'; 
slsif (Clk_i = '1' and Clk_i' event) then 

if (stack_trap_d3 = 'l'j then — extend stack trap time until jump to monitor 
st4!&_trap_.d4 <= 'V; 

elsi£3prog - jrrux_control_l * '1') then — when in jump to monitor mode, clear stack trap latched signals 
sta%k trap d4 <=* '0'? — clear when debugger is active 

end i#~" 
end if;^ 
d process; 

& 3 
:; y. a 

ack_tr|^_d5 <= stack_trap_d3 or stack_trap_d4; — hold stack trap condition until jump_l = 1 

?h 

When Stack trap condition occurs, wait for program memory fetch cycle to jump to monitor 
progrlNU 

.ack_ tdb§_jump — 1 <= Proga_ en_i and stack_trap_d5; 

- addrepjj break point logic 

- When detect stack trap, it will disable address break point function. 



3l_adr yj= bphl & bpll 
?2_adr <= bph2 & bpl2 
p3_adr <= bph3 & bp!3 
p4_adr <= bph4 & bp!4 



— break point 1 address - 16 bits 
break point 2 address - 16 bits 
break point 3 address - 16 bits 

— break point 4 address - 16 bits 



reakpoint_logic: process (bank_l, Proga_i, Proga^en^i, bpcrljbpe_reg_l , stack_trap_d2, debugger_active, 

bpcrljoe^reg,.! , bnkljben, bnk2Jben, bnk3_ben. bnk4_ben, bnkl_b, bnk2_b, 
bnk3_b, bnk4_b, bpl.adr, bp2_adr, bp3_adr, bp4_adr) 

egin 

bpl__trap_l <= '0* 
bp2_trap_l <= '0' 
bp3__trap_l <= '0' 
bp4_trap_l <= '0' 

— when blobal debugger enable and not stack trap and not debugger_active and program memory fetch cycle 

if ( (bpcrlj3pe_reg_JL and (not (stack_trap_d2 or debugger_active) ) and Proga__en_i) = '1') then 

if {bpcrljae_reg_l(l) = '1' and (bnklja = bank_l or bnkljaen = '0') and Proga_i = bpl_adr) then 
bpl_trap_l <= ' 1' ; 

elsif {bpcrl_be_reg_l (2) = '1' and {bnk2Jo = bank_l or bnk2_ben = '0') and Proga_i = bp2_adr> then 
bp2_trap_l <= ' 1 r ; 

elsif (bpcrl_be__reg_l (3) = '1' and (bnk3_b = bank_l or bnk3_ben = '0') and Proga_i - bp3_adr) then 
bp3_trap_l <= ' 1 ' ; 

elsif {bpcrl_jbe_reg_l (4) = '1' and (bnk4_b = bank_l or bnk4_ben = '0') and Proga_i = bp4_adr) then 
r i bp4_trap_l <= ' 1 ' ; 

\ \ 

\ \end if; 
\end if; 

en<d process breakpoint_logic ; 

-- bpx_trap_active -> address break point condition is active, and will cause jump torn monitor 
-~ program. 

bpx_erap_active is active when break point address is matching and it occur on odd number, 
address break point occurs on even number when monitor return to break point address and it 



fcnigSJer -foil 

should not trigger long jump to monitor program. 



l_trap_active <~ bpl_,trap_l and {not bpl_toggle_l J ; 
>2_trap_active <= bp2_trap_l and (noc bp2_toggie_li ; 
:>3_trap_acCive bp3_trap__l and (not bp3_toggle_,l) t 
34„trap^accive bp4_trap_l and {not bp4„toggle_l) ; 

ump^ready <= stack_crap_jump_l or bpl_trap_accive or bp2_trap_act:ive or bpB^trap^active or bpd,_trap„_active 

ump_gen; process (Clk„i, Reset z_exclude_USB_.i) 
egin 

if {Resetz - .exclude_USB_i = '0') then 
prog.j3iux_control._l <= f 0' ; 

els if (C1JO. = '1' and Clk_i' event) then 

if (elear_,jui-p_l) then cleared UWP.J. is boolean 

prog.jnux_concrol_l <= ' 0 ' ; 

elsif { juJnp_ready = '1') then 

prog__ntux_control_l <s * 1 * ; 
end if; 
end i-fc* 
end prdftlss juinp^gen? 

jump^ro^a^en <= prog._mux„control_.l and &roga_.en_i; juinp to monitor and program memory fetch enable 

process^! Clfc_i , Resetz_exclude_USB_i ) 
begin yf 

if iJ^set2_,exelude_u"SB_i = '0') then 
ju^_adr„sel " 00 - ; 

yl 

elsii*{Clk_i = 'l' and Clx_i' event J then 

if=^,ijuinp_proga.en » '1') then « when jump and fetch instruction 
if (clear_;juinp_l) then 

= ; jui-p_adr_sel <= *00"; — when clear jump, clear jump address select 

jui-p„adr_sel <= { juinp._adr__sdl + 1}; other increment juinp address select by 1 
.Oahd if; 
e^S if; 
ends i& ; 
end pgcteesB/ 

jwJBfcie: process (juinp.adr._sel, jtznhj,, jtna_l} 
beginp:: 

casWournp_adr_,Bel is 
when *0Q" <jump_proerdi__o <± * 00000010"; --02H, MB 051 long jump instruction 
when "Ql" => Jumpjsrogdi^o <* jtmhJL; juirrp to monitor address reg. (KB) 

when "lO- => Jui-p„progdi_o <= jtml^l; jump to monitor address reg, 

when others => J ump__progdi_o <= jtml_l; 
end case; 
end process jump_,logic; 



-- When in jump to monitor mode and program memory fetch and jump address select = 10, clear jump 
--co monitor mode (clear pr og_j-ux_c on trol_,i and stacx trap latched signals 



clear_jump_l <= { juinp_proga„en = ' 1 ' and junp._adr._s el = "lO"); 

toggle„reg: process (CU_i, Reseez_exclude,_USELi} 
begin 

if {Resetz_exclude,.tfSB_.i '0') then 
bpl^toggle^ <= '0' 
bp2_toggl__JL <a '0' 
bp3_tcggle_,l <- '0' 
bp4.toggle._l <= r 0' 

elsif tClk^i = 'X' and C2k_i 'event) then 

if ( bpl_.tr ap_l = 'l'l then 

bpl.togglej. <» not bpl_toggle_l ; 

end if; 

it (bp2_trap_l = 'l'l then 

bp2_>toggle_l not bp2_j;oggle_l; 

end if; 

if (bp3_,trap_l = '!») then 

bp3«toggle w l <= not bp3_toggle_l ; 
end if; 

it ( bp4_.tr ap_l - '1') then 

bp4_.toggle._l not bp4_toggle_l; 

end if; 
end if; 
end process toggle_reg; 



